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said 
being 



WHAT IS CLAIMED IS: 
A semiconductor memory device comprising: 
a I semiconductor substrate ; 
a I first semiconductor region of a first conduction 
5 type firmed on said semiconductor substrate; 

a second semiconductor region of a second 
conduction type opposite to said first conduction type, 
formedj on said first semiconductor region; 

a trench capacitor having a trench, said trench 
10 extending through said first semiconductor region and 

second semiconductor region, said trench capacitor 
formed such that its top does not reach a top 
surfajce of said second semiconductor region, said 
trencjh being formed therein with a conductive trench 
15 fill; 

'a pair of gate electrodes each formed on said 
secorld semiconductor region, each of said gate 
electrodes being positioned overlying said trench 
capacitor j/ 

20 | a p£ir pf insulating layers each formed to cover 

pair of gate electrodes; 
ictive layer formed between said pair of 
to self-align to each of said pair 
of insulating layers, said conductive layer having 
2 5 a lfeading end insulated from said second semiconductor 

regjlon and reaching the interior of said second 
semiconductor region, said conductive layer being 
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electrically connected to said conductive trench fill 
of said trench capacitor; and 

a pair of third semiconductor regions of said 
firdt conduction type formed in said second semicon- 
dud or region, and positioned opposite to each other 
witlh respect to said conductive layer, each of said 
third semiconductor regions being directly in contact 
wit/h said conductive layer, each of said pair of third 
seyiicpfi^uctor regions constituting either a source or 
10 a J&rAii)/ of transistors having one of said pair of gate 

e]/e£ trades , respectively, said pair of third semicon- 
Liictfor \regi9ns being formed substantially to a uniform 
ijBpth. 

A semiconductor /lemory device comprising: 
/ a semiconductor sul^fetrate; 

a plurality of trench capacitors formed in said 
semiconductor substrate and arranged at a regular 
pitch; 

a semiconductor layer formed on said semiconductor 
20 substrate in whfch said trench capacitors are formed; 

an element isolation insulating film buried in 
said semiconductor layer to define a plurality of 
active element areas each spreading over two adjacent 
trench capacitors; 
25 a Plurality of transistors formed two by two in 

each of said active element areas, such that two 
transistors share one of source/drain diffusion layers, 




and the other of said source/dpain diffusion layers 
is positioned over regions ot two adjacent trench 
capacitors, said transistor's each having a gate 
connected to a word line /continuous in one direction; 

a contact layer for connecting the other of said 
source/drain diffusion! layers of each of said 
transistors to a capacitor node layer of corresponding 
one of said trench/capacitors; and 

a bit line provided to intersect said word lines 
and connected yo one of said source/drain diffusion 
layers of saip transistor. 

3 . The semiconductor memory device according to 
claim 2, wherein said trench capacitors are each shaped 
substantially in a square having a>ne side equal to 2F, 
where F is a minimum processingydimension , the 
diagonals of said squares are (Driented in two 
orthogonal directions of saicr word line and said bit 
line, and said trench capacitors are arranged at 

a regular pitch of IF or less in directions of two 
orthogonal sides of said/ squares . 

4 . The semiconductor memory device according to 
claim 2, wherein said/ trench capacitors are each shaped 
substantially in a square having one side equal to 2F, 
where F is a minimum processing dimension, the sides of 
said squares are /oriented in two orthogonal directions 
of said word li/e and said bit line, and said trench 
capacitors ar& arranged at a regular pitch of 2F in 
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the bit line direction, and shifted sequentially at 
a one-half pitch $m adjacent bit lines* 

5 . The semiconductor memory device according to 
claim 3, whex'ein said active element areas are arranged 
at a regular pitch in said bit line direction and 
shifted/sequentially by a one-quarter pitch on adjacent 
bit J/Lnes. 

- . The semiconductor memory device according to 
<Aaim \2, 



wherein said contact layer is buried such that 
said cbntact layer extends through the other of said 
source/drain diffusion layers to reach said capacitor 
node Ic.yer after said transistors have been formed. 

7. The semiconductor memory device according to 
claim 2, wherein: 



sal 



epitaxic. 



d semiconductor layer comprises a first 
lly grown layer and a second epitaxially grown 



layer fqrmed on said first epitaxially grown layer; 

saijd contact layer is formed such that said 
contact layer is buried in said first epitaxially grown 
layer to Ireach said capacitor node layer before said 
second epu-taxiaVly ^rown layer is formed; and 

saidj sou^ce/cjfain diffusion layers are formed 
pitaxially grown layer has been 
formed, anfcl the otfoer of said source/drain diffusion 
layers has\a bottom^iyrf ace connected to a top surface 
of said contact layer. 

8 . The semiconductor memory device according to 



after said second 
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dlaim 2, wherein said contact layer is formed such that 
said contact layer is buried in said semiconductor 
layer to reach said capacitor node layer before said 
transistors have been formed, and the other of said 
5 soiirce/drain diffusion layers is connected to said 

contact layer through a buried diffusion layer formed 
in an upper side portion of said contact layer. 

\ 9 . The semiconductor memory device according to 
claim 2, wherein said contact layer is formed such that 
10 saidl contact layer is buried in said semiconductor 

layer to reach said capacitor node before said 
transistors have been formed, and the other of said 
sourqe/drain diffusion layers is connected to a top 
surfalce of said contact layer through a connection 
15 conductor formed on a surface thereof. 

10. The semiconductor memory device according to 
claim 12, wherein: 

said/senhLconductor layer comprises a bulk 
semiconductor 'layer of another semiconductor substrate 
bonded Itlo saijfl semiconductor substrate in which said 
capacitprbs^i^e formed, and an epitaxially grown layer 
formed on said\*ulk semiconductor layer; 

said contact layer is formed such that said 
contact layer is buried in said bulk semiconductor 
layer tolreach said capacitor node layer before said 
epitaxially grown layer is formed; and 

said \source/drain diffusion layers are formed 
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sifter said epitaxially grown layer has been formed, 
apd^the other of said source/drain diffusion layers has 

bottom surface connected to a top surface of said 
c^ntajct layer. 

11. The semiconductor memory device*/ according to 
claim 10, wherein: 

a substrate isolation insulating film is 
interposed on a bonding surface of/ said semiconductor 
substrate and said other semicoi>auctor substrate bonded 
thereto; 

said element isolation Ansulating film includes 
a first element isolation /nsulating film buried in 
element isolation region/ in the bit line direction to 
a depth at which said fiirst element isolation 
insulating film reaches said substrate isolation 
insulating film; and a second element isolation 
insulating film partially overlapping said first 
element isolation! insulating film and buried in element 
isolation regions in the bit line direction and word 
line directiojf to a depth shallower than said first 
element isolation insulating film. 



y£L A semiconductor device comprising: 
semiconductor substrate; 



n element isolation insulating film including a 
first/ Ansjblating film buried to define active element 
area$ 1 on/s^aid semiconductor substrate, and a second 
insulating film shallower than said first insulating 
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\i lm ; and 

/"lelements formed in said active element areas 
defined by said element isolation insulating film. 

* iA method of manufacturing a semiconductor 
memory device comprising the steps of: 

fori \ing a plurality of trench capacitors arranged 
at a regular pitch on a semiconductor substrate with 
a capaciior node layer being covered with a cap 
insulatiig film, said cap insulating film having 
a surface positioned below a surface of said semicon- 
ductor substrate; 

ep.-taxially growing a semiconductor layer on said 
semiconductor substrate on which said trench capacitors 
have besn formed; 

forming an element isolation insulating film on 
said semiconductor layer to define a plurality of 
active element areas such that each active element area 
spreads over two adjacent trench capacitors; 



f orming 



element 
source/ 
source/ 




transistors in each of said active 
ch that two transistors share one of 
f fusion layers, the other of said 
fusion layers is positioned over 



regions of two l^d^acent trench capacitors, and gate 
electrpdes serve as word lines continuous in one 



direc 



ion ; 



jurying a contact layer between said gate 
electrodes, extending through the other of said 




source/drain diffusion layers to reach said capacitor 
node layer; and 

forming bit lines connected to one of said 
source/firain diffusion layers to intersect said word 
lines . 

^4 J A method of manufacturing a semiconductor 
memory/ device comprising the steps of: 

orming a plurality of trench capacitors arranged 
at a regular pitch on a semiconductor substrate with 
a capacitor node layer being covered with a cap 
insulating film, said cap insulating film having 
a surface positioned below a surface of said 
semic inductor substrate ; 

epitaxially growing a first semiconductor layer 
on said semiconductor substrate on which said trench 
:itors have been formed; 
burying a contact layer in said first 
:onductor layer to reach said capacitor node layer; 
epytfa3&Lally growing a second semiconductor layer 
Lid first semiconductor layer in which said contact 
/is biiried; 

rormalng an element isolation insulating film on 
saidl seconld semiconductor layer to define a plurality 
of Active e^Leijfient areas such that each of said active 
element areas spreads over two adjacent trench 
capacitors ; 

forming two transistors in each of said active 



capac 



semic 



15 



20 



el erne 



source/drain diffusion layers, the other of said 



sourc 



e/drain diffusion layers is connected to a top 



surfcce of said contact layer, and gate electrodes 



serve 

sourc 
lines 



as word lines continuous in one direction; and 
forming bit lines connected to one of said 
e/drain diffusion layers to intersect said word 



- 94 - 



areas such that two transistors share one of 



A method of manufacturing a semiconductor 
10 memoi'y device comprising the steps of: 

forming a plurality of trench capacitors arranged 
at a regular pitch on a semiconductor substrate with 
a capacitor node layer being covered with a cap 
insu4ating film, said cap insulating film having 
a surface positioned below a surface of said 
semiconductor substrate ; 

epitaxially growing a semiconductor layer on said 
semiconductor substrate in which said trench capacitors 
have been/ f oi med; 

a contact layer in said semiconductor 
a capacitor node layer of said trench 
\s,/siid contact layer having an upper end 
portidn connected to an impurity diffusion layer formed 
in said semiconchictor layer; 
25 forming an element isolation insulating film on 

said semiconductor layer to define a plurality of 
active! element areas such that each of said active 
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element areas spreads over two adjacent trench 
capac itors ; 

forming two transistors in each of said active 
elemeit areas such that two transistors shares one of 
source/drain diffusion layers, the other of said 
source/drain diffusion layers is connected to said 
contact layer through said impurity diffusion layer, 
and gate electrodes serve as word lines continuous in 
one direction; and 

::orming bit lines connected to one of said 
source /drain diffusion layers to intersect said word 
lines . 

A method of manufacturing a semiconductor 
device comprising the steps of: 
forming a plurality of trench capacitors arranged 
regular pitch on a semiconductor substrate with 
sitor node layer being covered with a cap 
ting film, said cap insulating film having 
ace positioned below a surface of said 
strate; 

growing a semiconductor layer on said 
strate on which said trench capacitors 



memory 

at a 
a capa 
insula 
a surf 

semico iductor 
epitaxi 




semico iduct 
have b^en f 

burying a contact layer in said semiconductor 
layer to reach a capacitor node layer of said trench 
capacitors ; 

firming an element isolation insulating film on 



saidlsemiconductor layer to define a plurality of 
active element areas such that each of said active 
element areas spreads over two adjacent trench 
capacitors ; 

forming two transistors in each of said active 
element areas such that two transistors shares one of 
source/drain diffusion layers, the other of said 
sourbe/drain diffusion layers is positioned on said 
trench capacitor region, and gate electrodes serve as 
word) lines continuous in one direction; 

forming a surface connection conductor for 
connecting the other of said source/drain diffusion 
layers to said contact layer corresponding thereto, 
said surface connection conductor being self-aligned to 
saidj word lines ; and 

forming a bit line connected to one of said 
source/drain diffusion layers to intersect said word 
line 

A method of manufacturing a semiconductor 
memory device/comprising the steps of: 

forming^ a/ plurality of trench capacitors arranged 
at a (regular gfitch on a semiconductor substrate with 
a cariacitcfc: jfi<t>de layer being covered with a cap 
insulating film* 

forming a first semiconductor layer by bonding 
anothler semiconductor substrate through a substrate 
isolation insulating film to said semiconductor 
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20 



substrate in which said trench capacitors are formed; 

burying a contact layer in said first 
semiconductor layer to reach said capacitor node layer; 

epitaxially growing a second semiconductor layer 
on said first semiconductor layer in which said contact 
layer is buried; 

forming an element isolation insulating film on 
said first and second semiconductor layers to define a 
plurality of active element areas such that each of 
said active element areas spreads over two adjacent 
trench capacitors ; 

forming two transistors in each of said active 
element areas such that two transistors share one of 
source/drain diffusion layers, the other of said 
source/diy/ai^r dif fusion layers is connected to a top 
surfajce fc>f feaid contact layer, and gate electrodes 
serve asVwjftrd l^nes continuous in one direction; and 
forming^ bit line connected to one of said 
2/drain diffusion layers to intersect said word 




